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Introduction
In mammalian cells, newly synthesized transcripts are subject 
to a series of nuclear processing steps to become mature tem-
plates for protein synthesis (Moore and Proudfoot, 2009). The 
5′ ends of these transcripts acquire a 5′-m7GpppN cap struc-
ture (where N is the first transcribed nucleotide) while being 
elongated by RNA polymerase II. The cap first binds to the 
cap-binding protein (CBP) heterodimer CBP80-CBP20 (CBC), 
which supports the pioneer round of mRNA translation (Isken 
and Maquat, 2008). This round involves the loading of one or 
more ribosomes, depending on the efficiency of translation ini-
tiation and the length of the open translational reading frame 
(Isken and Maquat, 2008; Isken et al., 2008). The cap subse-
quently binds to the eukaryotic translation initiation factor 4E 
(eIF4E), which directs steady-state rounds of mRNA translation 
(Isken and Maquat, 2008).
Although CBC-bound mRNAs are precursors to eIF4E-
bound mRNAs, the two messenger ribonucleoprotein par-
ticles (mRNPs) differ in significant ways (Figure 1). For exam-
ple, spliced CBC-bound mRNAs differ from the eIF4E-bound 
mRNAs that derive from them because they are associated 
with one or more exon-junction complexes (EJCs) of proteins. 
By the time eIF4E replaces CBC at the mRNA cap, EJCs are no 
longer detectable, largely because most reside within the cod-
ing region of mRNAs and therefore are displaced by translat-
ing ribosomes during the pioneer round (Gehring et al., 2009; 
Sato and Maquat, 2009). As another example, the poly(A) tails 
of CBC-bound mRNAs are associated with the mostly nuclear 
but shuttling poly(A)-binding protein N1 (PABPN1) and the pri-
marily cytoplasmic but likewise shuttling PABPC1; in contrast, 
eIF4E-bound mRNAs do not detectably bind to PABPN1, the 
replacement of which by PABPC1 is promoted by the pioneer 
round of translation (Sato and Maquat, 2009).
Despite these and other differences (see below), both CBC-
bound and eIF4E-bound mRNAs most likely engage in similar 
mechanisms of translation initiation, elongation, and termina-
tion. Therefore, it is not surprising that both CBC-bound and 
eIF4E-bound mRNAs use many of the same translation initiation 
factors. These factors include not only PABPC1, which data indi-
cate is important for activating the translation of both mRNPs, 
but also eIF4G, eIF3, eIF4B, eIF4A, eIF2 (Figures 1 and 2; Isken 
and Maquat, 2008), and undoubtedly many other factors that 
work in conjunction with ribosomes to synthesize proteins. 
Although both mRNPs support protein synthesis and can be tar-
geted for translational activation or repression, the purpose for 
so doing is distinct: the translation of CBC-bound mRNAs pro-
vides a means to control the quality of gene expression; in con-
trast, the translation of eIF4E-bound mRNAs generates the bulk 
of cellular proteins (Isken and Maquat, 2008). Here, we discuss 
our growing understanding of how cells maintain the specialized 
functions of each mRNP via associations with particular transla-
tion factors, RNA-binding proteins, and signaling targets.
The Pioneer Round of Translation Supports Nonsense-
Mediated mRNA Decay
In higher eukaryotes, the vast majority of genes contain multi-
ple introns that are removed from the primary transcript by the 
process of splicing. Splicing may be accompanied by routinely 
made mistakes so as to result in mRNAs that contain a prema-
ture termination codon (McGlincy and Smith, 2008). Premature 
termination codons can also arise during splicing as a con-
sequence of a conditionally regulated process, as exemplified 
by those pre-mRNAs whose splice site usage is influenced by 
the encoded RNA-binding protein (McGlincy and Smith, 2008). 
Nonsense-mediated mRNA decay is a translation-dependent 
mRNA surveillance pathway that detects and eliminates tran-
scripts containing premature termination codons and thus 
have the potential to be deleterious by virtue of the truncated 
proteins they encode (see, e.g., Rebbapragada and Lykke-
Andersen, 2009).
During the pioneer round of translation, nonsense-mediated 
mRNA decay is thought to be triggered by the first ribosome 
that translates newly processed CBC-bound mRNAs and 
arrives at a premature termination codon (or a normal termi-
nation codon) that is situated more than ?50–55 nucleotides 
upstream of an EJC-bearing exon-exon junction, although 
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there are exceptions to this rule. The CBC plays a critical role 
in nonsense-mediated mRNA decay not only because it com-
prises the mRNP that harbors EJCs but also because CBP80 
interacts directly with the nonsense-mediated mRNA decay 
factor, up-frameshift 1 (UPF1), enhancing the efficiency of this 
process (Isken and Maquat, 2008). In short, nonsense-medi-
ated mRNA decay is thought to involve recognition of prema-
ture termination codons by the SURF complex, which consists 
of the UPF1 phosphoinositide 3-kinase (PIK)-related protein 
kinase called SMG1, UPF1, and the two translation termina-
tion factors referred to as eukaryotic release factor (eRF)1 and 
eRF3 (Figure 1; Kashima et al., 2006; Isken and Maquat, 2008). 
After recognition of the premature termination codon, SMG1 
and UPF1 join the EJC that resides downstream of the pre-
mature termination codon. Notably, the interaction between 
CBP80 and UPF1 promotes nonsense-mediated mRNA decay 
at two sequential steps (Hwang et al., 2010). The first is the 
association of SMG1-UPF1 with eRF1-eRF3 at a premature 
termination codon to form the SURF complex. The second is 
the association of SMG1-UPF1 with a downstream EJC, which 
results in SMG1-mediated UPF1 phosphorylation. Subse-
quently, phosphorylated UPF1 elicits translational repression 
by binding to the eIF3 constituent of the 43S preinitiation com-
plex that is poised at the translation initiation codon (Isken et 
al., 2008). Phosphorylated UPF1 also promotes the recruitment 
of mRNA decay activities (Isken et al., 2008). The importance 
Figure 1. Pioneer and Steady-State Translation Initiation Complexes
Shown is a CBP80-CBP20 (CBC)-bound mRNP from the pioneer round of translation and an eIF4E-bound mRNP from steady-state translation. CBC-bound 
mRNAs direct pioneer rounds of translation, whereas eIF4E-bound mRNAs, which derive from the remodeling of CBC-bound mRNAs, support the bulk of cel-
lular protein synthesis. CBC-bound mRNAs are associated with at least one exon-junction complex (EJC) (provided they are the product of pre-mRNA splicing) 
and the poly(A)-binding proteins PABPN1 and PABPC1. PYM, which interacts with EJC components and the small 40S ribosomal subunit (not shown), and 
SKAR (S6 kinase 1 ALY-REF-like target), a component of EJCs, may help to activate the pioneer round of translation. eIF3e, a non-core subunit of the eukaryotic 
translation initiation factor eIF3, may regulate the translation of a specific set of CBC-bound mRNAs. CTIF (CBP80-CBP20-dependent translation initiation fac-
tor) interacts directly with CBP80, as does eIF4G. It is currently unclear whether CTIF is the sole eIF4G-like molecule or if eIF4G also functions during pioneer 
rounds. eIF4G has been proposed to form a complex with poly(A)-bound PABPC1 to circularize and promote the translation of CBC-bound mRNAs, similar to 
how poly(A)-bound PABPC1 circularizes and promotes the translation of eIF4E-bound mRNAs. Importin (IMP)-β binds to IMP-α (which is a stable constituent of 
cap-bound CBC) and augments the translation-independent replacement of CBC by eIF4E. In contrast, the pioneer round of translation promotes the removal 
of EJCs and of associated RNA-binding proteins such as SF2/ASF (which also activates the pioneer round; not shown) and the replacement of PABPN1 by 
PABPC1. The insets depict how the SURF complex (comprising the PIK-related protein kinase SMG1, UPF1, eRF1, and eRF3) assembles together with an 
80S stalled ribosome at a premature termination codon of CBC-bound mRNA. SMG1 subsequently phosphorylates UPF1 upon UPF1 and SMG1 binding to a 
downstream EJC during the process of nonsense-mediated mRNA decay. AUG, translation initiation codon; STOP, normal termination codon.
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of the CBC to nonsense-mediated mRNA decay is corrobo-
rated by the finding that decay is still restricted to CBC-bound 
mRNAs in the case of mRNAs containing premature termina-
tion codons that initiate translation in a cap-independent mode 
from an internal ribosome entry site (IRES), provided that IRES 
function depends on eIF3 (Isken and Maquat, 2008).
CBC-bound mRNAs form polysomes that are smaller than 
the polysomes associated with their eIF4E-bound counterparts, 
consistent with the replacement of CBC by eIF4E taking place on 
polysomes during the pioneer round of translation. This finding, 
and data demonstrating that nonsense-mediated mRNA decay 
involves a step of translational repression that targets eIF3, indi-
cate that CBC-bound mRNAs, like eIF4E-bound mRNAs, are 
generally loaded with more than one ribosome, eIF3, and other 
well-characterized translation initiation factors.
Specialized Factors of the Pioneer Round of  Translation
The process of translation can be divided into four phases—
initiation, elongation, termination, and ribosome recycling. 
The majority of regulation occurs during the initiation phase 
(Sonenberg and Hinnebusch, 2009). There is considerably 
more known about the translation of eIF4E-bound mRNAs than 
the translation of CBC-bound mRNAs, which is a relatively 
recent discovery. Nevertheless, there are likely to be many 
more similarities than differences between the translation of 
the two mRNPs, as available data have borne out. Factors 
that specifically regulate the pioneer round of translation will 
likely target, directly or via another protein, the CBC, the EJC, 
PABPN1, or other constituents that do not typify eIF4E-bound 
mRNA, just as factors that specifically regulate steady-state 
translation often target eIF4E.
Figure 2. Signaling Pathways and Translation
Shown are the signaling pathways that regulate the pioneer round of translation (top) and subsequent steady-state translation (bottom). Under condi-
tions that activate the mTOR signaling pathway, mTORC1 becomes activated and may bind to the translation initiation factor eIF3 associated with 
CBP80-CBP20 (CBC)-bound mRNA resulting in the phosphorylation and dissociation of activated S6 kinase 1 (S6K1). The EJC component SKAR (S6 
kinase 1 ALY-REF-like target) then recruits phosphorylated (i.e., activated) S6K1. Activated S6K1 next mediates the phosphorylation of SKAR and other 
downstream effectors, including possibly eIF4B and PDCD4 (programmed cell death factor 4), that also associate with CBC-bound mRNA and thereby 
promote the pioneer round of translation for spliced mRNAs. The Cdc42-dependent phosphorylation of S6K1 also may promote the binding of CBC to 
cap structures, which would further stimulate the pioneer round. Another CBC-bound mRNA constituent, SF2/ASF, binds to the RNA export receptor TAP 
and also triggers S6K1 signaling via mTORC1 in ways that promote CBC-bound mRNA translation. Moreover, PYM interacts with the EJC core proteins 
Y14-MAGOH and with the 40S ribosomal subunit to somehow promote the translation of spliced mRNAs presumably during and certainly beyond the 
pioneer round. 
(Left) The boxes summarize the translational regulation of CBC-bound or eIF4E-bound mRNAs under various cell-growth conditions. Under conditions of heat 
shock, hypoxia, or serum starvation, the pioneer round of translation is favored over steady-state translation; steady-state translation is largely inhibited by 
phosphorylation of eIF2α (not shown) or by binding of 4E-BP1 to eIF4E.
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PYM
Compared to nonspliced mRNA, it is well established that the 
process of pre-mRNA splicing endows spliced mRNA with a 
higher translational capacity during both pioneer and steady-
state rounds of translation (Moore and Proudfoot, 2009). The abil-
ity of splicing to promote translation appears to be mediated at 
least in part by EJCs, which data indicate are dynamic rather than 
either static or homogenous complexes. Different EJC constitu-
ents may augment different steps of translation initiation (Lee et 
al., 2009). For example, PYM may move between mRNA-bound 
EJCs and translationally active ribosomes: PYM can interact with 
the EJC core proteins Y14-MAGOH and, via a separate domain, 
with the 40S ribosomal subunit and the 48S preinitiation complex 
to somehow promote the translation of spliced mRNAs during 
and beyond the pioneer round (Diem et al., 2007). The finding that 
PYM detectably coimmunoprecipitates with CBP80 but not eIF4E 
not only is consistent with the idea that PYM is present during, 
and gone after, the pioneer round of translation but also raises 
the possibility that PYM constitutes a fraction of ribosomes that 
may specifically function during pioneer rounds. For example, by 
coupling ribosome recruitment to EJC disassembly, PYM may 
ensure the preferential recruitment of newly synthesized CBC-
bound mRNAs over eIF4E-bound mRNAs to the translational 
machinery. Alternatively, translation factors that are unique to 
CBC-bound mRNAs and/or EJCs could recruit ribosomes bound 
by PYM for the pioneer round. Along these lines, PYM is recruited 
to those newly exported mRNAs of Kaposi’s sarcoma-associated 
herpesvirus that are intronless and thus devoid of EJCs, by the 
viral open reading frame 57 protein (ORF57). ORF57 interacts with 
PYM and enhances viral mRNA translation via the PYM-mediated 
recruitment of preinitiation complexes (Boyne et al., 2010). Nota-
bly, the recent report that PYM is an EJC disassembly factor that 
inhibits nonsense-mediated mRNA decay when overexpressed, 
i.e., when a fraction of PYM exists free of an association with 40S 
ribosomal subunits so as to promiscuously dissociate EJCs (Geh-
ring et al., 2009), is compatible with the idea that EJC constituents 
can activate translation.
SKAR
The EJC constituent called SKAR, for S6 kinase 1 (S6K1) ALY-
REF-like target, may also mark spliced CBC-bound mRNAs 
with a translational status that is distinct from the translational 
status of eIF4E-bound mRNAs and provides another example 
of how EJCs positively regulate the pioneer round of transla-
tion. The mammalian target of the rapamycin (mTOR) signaling 
pathway promotes cellular translation depending on the pres-
ence of growth factors, the absence of stress, and the availabil-
ity of nutrients or other energy sources (Ma and Blenis, 2009). 
mTOR is a PIK-related protein kinase that, together with raptor 
and LST8, forms the mTOR complex 1 (mTORC1). Interestingly, 
signaling through mTORC1 modulates the translation of both 
CBC-bound mRNAs and eIF4E-bound mRNAs by distinct but 
undoubtedly overlapping mechanisms (Figure 2).
In the case of eIF4E-bound mRNAs, the recruitment of acti-
vated mTORC1 by eIF3 into the proximity of the eIF4E-binding 
protein 1 (4E-BP1) activates translation by mediating the phos-
phorylation of 4E-BP1 and S6K1. 4E-BP1 phosphorylation results 
in 4E-BP1 dissociation from mRNA-bound eIF4E, which activates 
translation by allowing eIF4G to interact with and thereby stabilize 
the association of eIF4E, eIF4A, and PABPC1 with mRNA. S6K1 
phosphorylation results in the dissociation of activated S6K1 from 
mRNA-bound eIF3. Released S6K1 promotes scanning of the 43S 
preinitiation complex to the AUG translation initiation codon and, 
therefore, translation by phosphorylating both the eIF4A activator 
eIF4B and the eIF4A inhibitor and tumor suppressor programmed 
cell death 4 (PDCD4).
In the case of CBC-bound mRNAs, activated mTORC1 may be 
recruited by eIF3 and, additionally, SF2/ASF (see below), promot-
ing the phosphorylation-induced activation of S6K1 and then the 
dissociation of activated phosphorylated S6K1. EJC-bound SKAR 
then recruits activated S6K1 to CBC-bound spliced mRNAs, and 
SKAR-bound S6K1 promotes the pioneer round of translation by 
allowing for the phosphorylation of SKAR and other downstream 
effectors that could include eIF4B and PDCD4, which also asso-
ciate with CBC-bound mRNAs (Ma et al., 2008). The finding that 
SKAR regulates cell growth (Richardson et al., 2004) raises the 
interesting question of how the mTORC1-induced translation of 
all or a subset of CBC-bound spliced mRNAs is transduced to a 
functionally significant increase in total-cell protein synthesis.
SF2/ASF
The serine-arginine-rich protein SF2/ASF plays a central role in 
recruiting the splicing machinery to pre-mRNA splice sites and 
can either enhance or inhibit splicing. Like PYM, SF2/ASF coim-
munoprecipitates with CBP80 but not detectably with eIF4E 
(Sato et al., 2008). Data indicate that SF2/ASF, when bound to 
exonic sequences, can travel as a constituent of CBC-bound 
mRNPs from nuclei into the cytoplasm, where it has the ability 
to promote the pioneer round of translation (Sato et al., 2008). 
Evidence indicates that SF2/ASF recruits a number of transla-
tional activators to mRNAs, including the RNA export receptor 
TAP (Sato et al., 2008) and mTORC1 (Michlewski et al., 2008). 
Also, like PYM, SF2/ASF promotes mRNA translation beyond 
the pioneer round (Sato et al., 2008; Michlewski et al., 2008).
CBP80
Another effector of the pioneer round could be CBP80 as the 
binding of CBC to cap structures is stimulated by growth fac-
tors during the G1/S phase of the cell cycle, activated forms of 
the Ras proto-oncogene protein, and the Rho-GTPase Cdc42. 
Cdc42 has been shown to transduce extracellular signals from 
G-coupled protein receptors, integrins, and growth factor 
receptors at least in part by binding to S6K1 in a GTP-depen-
dent manner. Binding facilitates recognition of the Cdc42-
S6K1 complex by upstream S6K-activating kinases (Chou and 
Blenis, 1996; Wilson and Cerione, 2000). Moreover, signaling 
from Cdc42 to CBP80 is transmitted in part by the S6K-cata-
lyzed phosphorylation of CBP80, although the biological con-
sequence remains unknown (Ma and Blenis, 2009).
As exemplified above, it appears that an efficient pioneer 
round of translation is followed by efficient steady-state 
cycles of translation. Growth factors may augment cellu-
lar protein synthesis not only by promoting CBC binding to 
caps but also by expediting the replacement of CBC by eIF4E 
(see below). Despite not yet knowing mechanistic details, it is 
clear that activating or inhibiting pioneer rounds of translation 
depending on cellular growth conditions is likely to provide 
an important checkpoint mechanism for the bulk of cellular 
protein synthesis.
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Importin-α
Regulated binding of CBC to mRNA caps is additionally influ-
enced by importin-α, which stably associates with cap-bound 
CBC (Sato and Maquat, 2009). Cytoplasmic importin-β inter-
acts directly with importin-α and CBP20, thereby promoting the 
replacement of CBC by eIF4E at mRNA caps (Figure 1; Dias et 
al., 2009; Sato and Maquat, 2009). In view of the recent structure 
of an importin-α-CBC-cap complex and a structural model of 
the importin-β-importin-α-CBC complex (Dias et al., 2009), it will 
be possible to study how signaling pathways, and the resulting 
posttranslational modifications of importin-α, importin-β, and/
or CBC, might regulate importin-α or importin-β binding to cap-
associated CBC to either stabilize or disrupt the interaction of 
CBC with mRNA caps. When considering the critical role of CBC 
in assuring the quality of gene expression through nonsense-
mediated mRNA decay, and that CBC can be replaced by eIF4E 
even when the pioneer round of translation is inhibited (Sato and 
Maquat, 2009), it is important that timing the pioneer round rela-
tive to the replacement of CBC by eIF4E be coordinated so that 
the pioneer round of translation largely takes place first.
eIF3e
Mammalian eIF3, which is a large protein complex consisting of 
?13 subunits, has multiple functions in stimulating translation 
initiation (Sonenberg and Hinnebusch, 2009). The eIF3 subunit 
eIF3e (also called p48/INT6) coimmunoprecipitates with CBP80 
as well as the EJC constituent and nonsense-mediated mRNA 
decay factor UPF2, but it does not detectably coimmunoprecipi-
tate with eIF4E and, like all eIF3 subunits that have been tested, 
is essential for nonsense-mediated mRNA decay (Morris et al., 
2007; Isken et al., 2008). eIF3e, which is a core subunit of mam-
malian eIF3 that is not present in all species, appears to contribute 
to the recruitment of ribosome-bound eIF3 to mRNA by directly 
associating with eIF4G (Sonenberg and Hinnebusch, 2009). How-
ever, at least in fission yeast, eIF3e is not critical for global pro-
tein synthesis, and there exist distinct eIF3 complexes that differ 
in their non-core subunits. Interestingly, those complexes that 
contain eIF3e associate with a restricted set of mRNAs, some of 
which are implicated in the response to cell stress (Zhou et al., 
2005). Therefore, it is possible that a specialized eIF3e-containing 
eIF3 complex, if present in mammals, could specifically function 
during pioneer rounds of translation by recruiting a defined set of 
newly synthesized mRNAs to the translational machinery. By so 
doing, this specialized complex could route those mRNAs that 
are targets of nonsense-mediated mRNA decay to this pathway 
and activate the steady-state translation of those that are not non-
sense-mediated mRNA decay targets.
CTIF
Another initiation factor that is central to steady-state transla-
tion is eIF4G, which binds directly to cap-associated eIF4E and 
serves critical roles as a scaffold for eIF3, PABPC1, and eIF4A. 
eIF4G, which also binds directly to CBC, is thought to function in 
a similar fashion during pioneer rounds of translation. Recently, 
an eIF4G-like protein called CBP80-CBP20-dependent transla-
tion initiation factor (CTIF) has been implicated specifically during 
pioneer rounds. CTIF interacts directly with CBP80 as well as pre-
mRNAs, coimmunoprecipitates with eIF3 in an RNase-resistant 
manner, and functions in the translation of CBC-bound mRNAs; 
however, it plays no detectable role in the translation of eIF4E-
bound mRNAs (Kim et al., 2009). CTIF could promote the recruit-
ment of ribosomes to newly synthesized CBC-bound mRNAs. As 
one possibility, CTIF, which contains a middle domain of eIF4G 
(MIF4G) but lacks the eIF4E-binding domain of eIF4G, may func-
tionally replace eIF4G during pioneer rounds if, for example, it 
(possibly together with CBP80, which contains three MIF4Gs) 
serves as an eIF4G-like scaffold for CBC-bound mRNPs. Alter-
natively, CTIF may function in addition to eIF4G considering that 
CTIF lacks the PABPC1- and eIF4A-binding domains that typify 
eIF4G and that another MIF4G-containing protein, called SLIP1, 
interacts directly with eIF4G to promote the translation of histone 
mRNA (Cakmakci et al., 2008). Moreover, data indicate that eIF4G 
functions during pioneer rounds of translation. Regardless, as is 
possible for eIF3, the use of translation initiation factors that are 
unique to and activate pioneer rounds could be advantageous by 
shortening the time span between transcriptional activation and 
the start of protein production.
The Pioneer Round during Cell Stress
The bulk of cellular cap-dependent translation is rapidly downreg-
ulated by signaling pathways in response to most physiological 
and environmental stressors as part of a repertoire of events that 
mitigate cellular damage and promote cell survival (Figure 2). This 
global downregulation during, for example, viral infection, amino 
acid starvation, hypoxia, or heat shock is often accompanied by 
eIF2α phosphorylation. eIF2α phosphorylation decreases the 
translation of the majority of CBC-bound as well as eIF4E-bound 
mRNAs by limiting ternary complex abundance while mediating 
the selective translation of a subset of cellular mRNAs that ini-
tiate translation in a mechanism that depends on an upstream 
open reading frame. These mRNAs encode specific transcription 
factors that help the cell adapt to stress and ultimately restore 
translation (Holcik and Sonenberg, 2005). In addition to eIF2α 
phosphorylation, stress-induced proteolysis of translation initia-
tion factors can also compromise cellular translation.
There are variations to this theme that result in the differen-
tial regulation of pioneer rounds of translation relative to sub-
sequent rounds of translation. For example, the preferential 
translation of CBC-bound mRNAs is maintained during serum 
starvation and heat shock, when the translation of eIF4E-bound 
mRNAs is compromised (Oh et al., 2007b; Marín-Vinader et al., 
2006). Serum starvation does not result in eIF2α phosphoryla-
tion but instead activates 4E-BP1.
As another example, during early phases of hypoxia, activa-
tion of the endoplasmic reticulum kinase PERK leads to eIF2α 
phosphorylation and the translational inhibition of both CBC-
bound and eIF4E-bound mRNAs (Oh et al., 2007a). However, 
during late stages of hypoxia, eIF2α dephosphorylation allows 
for the resumption of CBC-bound mRNA translation (Oh et al., 
2007a). Concomitantly, in an eIF2α-independent pathway, dis-
ruption of eIF4E-eIF4G-eIF4A and sequestration of eIF4E by 
dephosphorylated 4E-BP1 and the eIF4E-transporter (which 
moves eIF4E into the nucleus and processing bodies) maintain 
the repression of eIF4E-bound mRNA translation (Koritzinsky 
et al., 2006; Lee et al., 2008). Conceivably, the restoration of 
CBC-bound mRNA translation as a first step toward transla-
tional normalcy promotes cell survival after stress by allowing 
for the surveillance of newly synthesized mRNAs. Furthermore, 
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the renewed engagement of newly made mRNAs with the 
translational machinery could speed up the cellular response 
after stress.
Spatial Regulation of the Pioneer Round of Translation
Proper embryonic patterning and development as well as neu-
ronal function often involve proteins that bind to the 3′ untrans-
lated regions (3′ UTRs) of particular mRNAs in a sequence-spe-
cific manner to couple mRNA translational activation and mRNA 
localization (Sonenberg and Hinnebusch, 2009). By so doing, an 
expression gradient of the encoded morphogens, in the case of 
oocytes, or of proteins that maintain synaptic function or plastic-
ity, in the case of neurons, is spatially established.
There have been many reports of translational repression 
occurring prior to mRNA localization so as to inhibit ectopic 
protein production from unlocalized mRNAs. If the sole mecha-
nism of translational repression targets eIF4E, then an mRNA 
should have undergone the pioneer round of translation prior 
to repression although, as noted above, it is possible for eIF4E 
to replace CBC without a pioneer round. In theory, other mech-
anisms of repression might target both CBC-bound mRNA and 
eIF4E-bound mRNA.
Examples of translational repression include sequestrating 
mRNAs into translationally silenced particles, as Bruno does 
for oskar mRNA in Drosophila; recruiting the CCR4 deadeny-
lase to shorten poly(A) tail length, as Bicaudal-C does for its 
own mRNA and certain other germline mRNAs in Drosophila; 
and blocked joining of the 60S ribosomal subunit to the 48S 
preinitiation complex, as Zipcode-binding protein 1 (ZBP1, 
also called IMP1) does for β-actin mRNA at the leading lamel-
lipodia of fibroblasts or neurite growth cones (Besse and 
Ephrussi, 2008; Sonenberg and Hinnebusch, 2009). Notably, 
the findings that ZBP1 associates cotranscriptionally with 
β-actin mRNA (Besse and Ephrussi, 2008), and RNP granules 
undergoing ZBP1-mediated transport contain CBP80 and EJC 
constituents but lack detectable eIF4E (Jønson et al., 2007), 
suggest that ZBP1-mediated translational repression targets 
CBC-bound transcripts.
To date, studies of arc mRNA and other specific mRNAs in 
mammalian neurons provide the best examples of translational 
repression that targets CBC-bound mRNAs (Giorgi et al., 2007). 
arc mRNA, which harbors two 3′ UTR introns, is a natural tar-
get of nonsense-mediated mRNA decay: When the pioneer 
round of translation terminates normally, arc mRNA undergoes 
nonsense-mediated mRNA decay. The arc gene is transcrip-
tionally induced upon intense synaptic activation, and the 
resulting mRNA is translated and thus targeted for nonsense-
mediated mRNA decay, once it localizes to activated synapses 
in a mechanism that depends on glutamatergic receptors. By 
essentially limiting ARC protein synthesis to the pioneer round 
of translation at activated synapses, improper protein synthe-
sis at inopportune times and cellular locations is prevented. 
These findings are consistent with data indicating that CBP80-
bound mRNAs migrate to spines when glutamatergic recep-
tors of rat dendrites are stimulated (di Penta et al., 2009) and 
thus have yet to undergo the pioneer round of translation. At 
present, which signaling factors control these pioneer rounds 
of translation in neurons remain unknown.
Features of the pioneer translation initiation complex also 
appear to be important for proper localization of oskar mRNA 
to the posterior pole in Drosophila oocytes. For example, splic-
ing of the first intron of oskar pre-mRNA (or another intron at 
the site of the first intron) is required for oskar mRNA localiza-
tion, presumably by virtue of the resulting EJC in conjunction with 
nearby mRNA sequences (Hatchet and Ephrussi, 2004). In fact, 
demonstrated roles for the EJC constituents eIF4AIII, Tsunami-
Magonashi, and Barentz (the latter two of which are orthologous 
to mammalian Y14-MAGOH and MLN51, respectively) in oskar 
mRNA localization and their colocalization with oskar mRNA at 
the posterior pole (Besse and Ephrussi, 2008) indicate that the 
pioneer round of translation and removal of the first EJC occur 
after the regulatory steps of translational repression and local-
ization. As noted above, these regulatory steps may involve the 
RNA-binding protein Bruno. As oskar mRNA is also translation-
ally repressed by Bruno-mediated recruitment of the Cup protein, 
which targets eIF4E (Besse and Ephrussi, 2008), there appear 
to be multiple pathways to translationally silence oskar mRNA. 
In fact, a number of mRNAs are repressed at different steps of 
translation when bound by CBC or eIF4E.
MicroRNAs
It was recently reported that the microRNA (miRNA) miR-2 medi-
ates translational repression, which interferes with the interac-
tion between eIF4E and eIF4G in a way that is predicted to have 
no consequence to the pioneer round of translation (Zdanow-
icz et al., 2009). Therefore, mRNA caps bound by eIF4E could 
represent another signature target used by cells to differentially 
regulate the translation of CBC-bound mRNA relative to eIF4E-
bound mRNA. Nevertheless, other mechanisms of miRNA-
mediated translational repression can function simultaneously 
to repress the translation of CBC-bound mRNA. This became 
evident through the recent demonstration that (1) Ago2, which 
is known to inhibit the translation of its target mRNAs, is loaded 
onto both CBC-bound mRNAs and eIF4E-bound mRNAs, (2) 
the loading of endogenous microRNA-induced silencing com-
plexes (miRISCs) onto the 3′ UTRs of CBC-bound mRNAs that 
contain a premature termination codon abrogates nonsense-
mediated mRNA decay, and (3) several natural substrates of 
nonsense-mediated mRNA decay are stabilized by miRISC-
mediated translational repression (Choe et al., 2010). It will be 
interesting to determine if factors that are specific for CBC-
bound mRNA and the pioneer round of translation are recog-
nized during miRNA-mediated translational repression.
Future Directions
Mammalian cells have evolved two mRNP templates for protein 
synthesis that manifest a precursor-product relationship and 
serve distinct functions. Although these two templates share 
many constituent proteins that homogenize their regulation, at 
least some unique features impart a means for their differential 
control. Examples also exist of distinct regulatory mechanisms 
that coordinate CBC-bound mRNA translation and eIF4E-bound 
mRNA translation by targeting factors that are particular to each 
mRNP. As eIF4E-bound mRNA supports the bulk of cellular protein 
synthesis, it is the logical target for a rapid response to changes 
in physiological conditions. However, CBC-bound mRNA holds 
374 Cell 142, August 6, 2010 ©2010 Elsevier Inc.
the unique capability of enhancing subsequent rounds of transla-
tion, downregulating further translation, or completely stopping 
not only CBC-supported mRNA surveillance but also eIF4E-
supported protein production. Future studies are expected to 
illuminate molecular aspects of known and unforeseen regulatory 
mechanisms.
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